A water mass is defined as a body of water with a common formation history of all its elements. A given ocean volume can be shared by several such water bodies, which can penetrate each other as a result of mixing [Tomczak and Large, 1989 ]. Mathematically, water masses are described by a relationship describing the different proportions of the various water types and its associated set of standard deviations. Practically, the number of water types (called water sources in our study) for each water mass is finite and small to fully represent a water mass.
For each tracer, the conservation equation can be expressed through the following linear equation:
where ki is the contribution or mixing coefficient of the water source, n is the water source number, Ci is the tracer concentration of the water source i, and C,, is the measured tracer concentration in the seawater sample. In the seasonal study, all the parameters used are considered to be conservative. In principle, to describe the mixing of n water masses, n-1 conservative tracers are needed. Usually, the two conservative tracers, temperature and salinity, through 0-S diagrams, are used to identify and track water masses. Insofar as geochemical tracers (dissolved oxygen and nutrients) are mathematically independent of temperature and salinity, they can be included in the water mass contribution calculations. Although nonconservative, the geochemical tracers make it possible to get supplementary information on these water masses, taking care that conservation of hydrological tracers (including the continuity equation) is respected. This is generally done by weighting the linear equations with the inverse of the measurement error and checking the residuals of the system after inversion. An alternative approach when using nonconservative tracers consists of taking into account unknowns (ANC), which could represent biological processes such as consumption and remineralization [Bolin et al., 1983; Metzl et al., 1989 Metzl et al., , 1990 ]. This offers a decoupling between dynamical and biological processes, but at that stage, the unknown represents the total sum of the biological part without differentiation between the sources. When a biological unknown is added, the linear equation (1) With this method, we use a strict equation to provide mass conservation: Zxi = 1. This equation will be represented in its matricial form and must be exactly satisfied: Ex =f (4) where E is the matrix of order (1, n) with n the number of source water types; x is the solution vector (n, 1) giving for each sample the best fitting fractional contribution of each source type. It must minimize the sum of squares of deviation between the measured data and the estimates of model parameters. Here f is the vector 1 expressing the condition of mass conservation. The tracers will obey the conservation equations (1) (and (2) for the nutrients), which are approximately satisfied in a least squares sense. This can be written:
where A is the source definition matrix (p, n) with p tracer values for n source water types; b is the column vector (p, 1) with the first p elements equal to the measured concentrations of the tracer variables in a sample that is assumed to be a mixture of the source water types described by A. The convex constraints that express the nonnegativity of the coefficient, x i > 0 for all i, are added to the matricial systems (4) and (5):
where G is the unit matrix of order (n, n) and h is the null vector (1, n). Such convex constraints will be applied to mixing coefficients as well as to biological unknowns, with negativity constraints for the oxygen and nonnegativity constraints for the nutrients.
The system (4), (5), (6) is normalized and solved with the least squares method with an algorithm of equality and inequality [Lawson and Hanson, 1974 
To get information about nonconservative behavior of tracers and possible errors due to the source water types description and uncertainties associated with the measurements, a vector R of error on the tracer is calculated. This vector R of residuals is the difference between the predicted (Ax) and the measured (b) data. This vector is defined by the following matricial system:
with x the average of the x' obtained from the thirty perturbations. Thus, in the ideal case, when the source water type descriptions are correct and complete, the measurements are unbiased, and the tracers are conservative, the vector R must be zero. The analysis of the spatial distribution of residuals will allow us to select the ocean layers for which origin and mixing of water masses can be discussed according to steady state and tracer conservation assumptions. For this seasonal analysis, only the first 1000 m of the water column will be studied. 
Water Mass Analysis and Source

Australia-Bali Radial: 0-1000 m Layer
The most pronounced structure, observed during both seasons, is the sharp hydrological front around 13øS-14øS well defined in salinity, oxygen, and nutrients (Figures 3c and 3d ). This front reaches the surface during the NW monsoon and is covered by a low-salinity layer during the SE monsoon. South of the front, a salinity maximum (Figures 3c and 3d) is observed above an oxygen maximum (Figures 3e and 3f ) associated with minima in nutrients (Figures 3g, 3h, and 3i) . The salinity maximum corresponds to the Subtropical Indian Water (STIW) [Warren, 1981; Fieux et al., 1994] . Between the two cores of high salinity, a detailed analysis of the hydrology indicates mixing with the lower salinity Indonesian water . During the SE monsoon, the salinity maximum (S>35.1) is associated with minima in phosphate (PO4<1.20 /.tmol kg-1), nitrate (NO3<15 /.tmol kg-1), and silicate concentrations (Si(OH)4<20 /.tmol kg -1) (Figure 3i) . Deeper, the oxygen maximum defines the Indian Central Water (ICW) [Warren, 1981; Toole and Warren, 1993; Fine, 1993; Fieux et al., 1994] , also called Subantarctic Mode Water [Warren, 1981 ] . The northeastward extension of this water mass appears mostly bounded by the hydrological front observed in the Australia-Bali section and limited to the NW Australian basin [Fieux et al., , 1996b . Like the STIW, the ICW is not homogeneous and separated in two cores, located at 17ø30'S and 14ø30'S during both seasons. In these cores, the oxygen values are higher at the SE monsoon (O2>180 /.tmol kg -1) than at the NW monsoon (O2>150 /.tmol kg -1) (Figures 3e and 3f In the middle of the section, low and homogeneous salinities (Figures 3c and 3d) 
200-800 rn Layer
In the water mass analysis above, excluding the deep waters, we have mentioned source waters with corresponding property extremes: STIW, ICW, modified AAIW (m-AAIW), ISW, IIW, Arabian Sea-PGW (AS-PGW), and Arabian Sea-Red Sea Water (AS-RSW). Considering the core layers of these sources [Wyrtki, 1971] , the historic data compilation [Rochford, 1963; Tomczak and Large, 1989; You and Tomczak, 1993; You, 1997] (Tables la  and lb) Oxygen (#mol kg 4) output of the Gulf of Aden for the AS-PGW and AS-RSW, respectively.
Uncertainties
To discuss seasonal variation of mixing coefficients, we first need to examine the possible errors on these coefficients. Thirty perturbations have been realized at each station. A relative error is associated with each tracer according to measurements and source values (Table 2 ) and is taken into account for each perturbation. These errors represent, for each sample, the variability due to the measurement uncertainties and the temporal (interannual scale) and spatial variations for the defined sources. The Indian Central Water also shows small mixing coefficients in the Australia-Bali section, appearing inside two cores centered at 400 m (<30%) at 17ø30'S latitude and at 450 m (<20%) at 14ø30'S latitude for the SE monsoon. As for ST1W, the proportion is slightly weaker in the NW monsoon (<20%) (Figure 8 ). In the southern part of the NW monsoon section, the geostrophic transports show a succession of reversals, which denotes a large mesoscale variability [Fieux et al., 1996a] . This mixing of the Central Indian Water and the Indonesian waters was also observed by Quadfasel et al. [1996] in the thermocline off the northwest Australian shelf. In agreement with the I1W distribution in this region, the ICW appears to mix with the I1W when it flows eastward during the NW monsoon. The small proportions observed for the ICW and the STIW suggest that these waters are subject to many changes along their pathways from the anticyclonic subtropical gyre to the northwest of Australia. Rochford [1969] showed that the Indonesian waters at 110øE, between 100 and 150 m, characterized by low salinity and mean oxygen content, spread southwards (around 26øS at 110øE) during the NW monsoon (Leeuwin Current). Rochford [1963] shows the presence of AAIW in the Indonesian Straits but suggests that the hydrological characteristics of AAIW and the Indonesian waters are difficult to separate. Fine [1993] shows that some of the recently ventilated AA1W appears to spread both north and northeastward (perhaps to 100øE) into the subtropics and is diluted by water from the Indonesian throughflow. At present, the separation between AAIW and IIW in this strongly mixed region is not well known. The results of this application show no signal of m-AAIW in the Indonesian Straits. 
North Indian Ocean Waters
Biological Tracer Utilization: Comparison for JADE 1989
The seasonal analysis was performed using three tracers and continuity. Seven sources were defined to explain the water mass mix in the eastern Indian Ocean. In order to specify the contribution of the different water masses to the water mass mix, we introduce biological tracers into the multiparametric program. In the eastern Indian Ocean, there are young and old water masses, showing different biological characteristics. Therefore the nutrients become good tracers of these water masses.
However, because of their nonconservative behavior, the biological variation of these tracers must be taken into account by introducing a biological unknown (see (2)). This unknown collects together the biological variability in the water mass throughout its route in the oceanic circulation and the variability in the water column of the JADE stations. It allows the study of 
Water Masses
The distribution of the water masses is presented in Figures  14, 15, 16, 17, and 18 . Some quantitative differences are shown in comparison with the analysis using the T, S, and 02 tracers. These differences are observed for the Indian waters, especially Timor Sea and the west Australian coast. Rochford [1963] suggests that, at temperatures and salinities higher than the minimum salinity, the characteristics of the AA1W merge into the characteristics of the Indonesian waters. Both the Antarctic and Indonesian Intermediate Waters are identified by a salinity minimum, and their identification becomes very difficult with only hydrological tracers. In the same way, the hydrological and biological characteristics of the ISW (Table 2) can become close to those of m-AA1W at intermediate depths. Consequently, it is possible that the presence of m-AA1W in the Indonesian Straits results from an incomplete separation between m-AAIW and ISW. An earlier study [Fine, 1993] suggests that the AAIW appears to spread both north and northeastward into the subtropics. There, the properties of recently ventilated AAIW appear to be diluted by water from the Indonesian throughflow. On the sections occupied at the equator and off Sumatra and Java (Figure 16 ), the AA1W is also found around 400 m (mixing coefficient about 20%). However, Wyrtki [1961 Wyrtki [ , 1971 
North Indian Ocean waters.
High nutrient concentrations and low oxygen content characterize the North Indian waters. These characteristics are due to important biological activity in the Arabian Sea and from the effects of the upwelling producing living matter requiring oxygen [Wyrtki, 1971] . Along the sections from the equator to the straits, we can observe the spreading of these water masses (Figures 17 and 18 • -500
• -600 ß from local biological activity as well as biological activity along the path of the water mass. Such analysis will allow greater understanding of the changes in the biogeochemical cycle in response to oceanic circulation.
